Introduction
In response to the increasing costs of health care in the United States, Congress moved in the early 1980s toward a major change in the way Medicare paid hospitals for inpatient care. Payments to hospitals shifted from a retrospective reimbursement system to a prospective payment system (PPS).
The core of PPS is the classification of patients into any of 477 diagnosis-related groups (DRGs). Hospitals are paid for inpatient services based on a set of relative prices for these DRGs, known as weights. The DRG weight represents the average relative resource intensity of treating a patient in a given DRG. The initial set of weights was published in the September 1, 1983 Federal Register (1983 . The weights have since been updated in response to legislation mandating periodic recalibration. They were first recalibrated in 1986 as a result of Public Law 98-21, which required the weighting factors to be adjusted for discharges occurring in fiscal year 1986 and at least every 4 years thereafter. Subsequently, Public Law 99-509 was passed, requiring the DRG weights to be adjusted annually beginning with fiscal year 1988.
Whereas the initial set of DRG weights was calculated using operating costs, the recalibration that occurred in 1986 used hospital charges. The primary reason for this change was the computational simplicity of charge-based weights and the timeliness of the data used to construct them. Cost-based weights require data from hospital cost reports, which are typically available only after a 2-to 3-year delay. Charge data, derived from patient bills, are available in a much more timely manner. As technological progress occurs and treatments change, one would expect the relative costliness of DRGs to change. The use of more timely data allows the weights to reflect more accurately current levels of relative resource intensity across DRGs, making charge-based weights a desirable alternative to cost-based weights. Weights based on charges, however, may not accurately reflect relative costs across DRGs, as a result of distortions introduced by the pricing strategies of hospitals. Work done by Cotterill, Bobula, and Connerton (1986) , however, shows that, for 1981 data, weights based on costs and those based on charges did not differ significantly.
The purpose of this research is to determine the desirability of alternative methodologies for future recalibrations of the DRG weights. Several alternative methodologies are explored, and cost and charge weights are compared for both the current and the original methods of calculating DRG weights. (Current weights are described in the Federal Register [1987] .) Weights are also calculated using an iterative method based on hospital relative values. These are described in an article by Lave, Pettengill, Schmid, and Vertrees (1987) . The salient feature of this method is that it does not require standardizations for such factors as teaching and disproportionate-share status. The weights are evaluated by both theoretical and empirical criteria.
Whereas Cotterill used pre-PPS data (1981) for comparisons of cost-and charge-based weights, we use data from the first year of prospective payment (fiscal year 1984). Our results indicate that, using 1984 data, the cost-and charge-based weights differ more than in 1981. The question of which method should be used for recalibration therefore gains renewed importance. We argue that, on theoretical grounds, there is no reason to favor one set of weights over the other as more representative of the true underlying relative costs of the DRGs. The decision of which set of weights to use must be based on other criteria such as the timeliness of the data and the distributional consequences across patients and providers.
Alternative methodologies: Theoretical issues
The DRG weights, however calculated, should be reflective of the actual relative resource intensity of treating patients across DRGs. In this section, we discuss the biases inherent in each of the three methods of calculating weights: cost-based, charge-based, and the hospital relative value method. The methodology for creating each type of weight is described in detail in the next section.
Before empirical comparisons among different types of weights are made, it is important to recognize that, on theoretical grounds, each set of weights, including those based on cost data, is flawed. As a result of the reliance on accounting cost data, actual costs are unobservable. Therefore, the true set of DRG weights, which would represent the actual relative resource intensity of the DRGs, is unobservable. Two conclusions follow immediately from this observation: First, each set of empirical weights is biased, and second, it is impossible to determine which set of weights is closer to the true weights. Furthermore, as discussed in this section, because cost weights are partially based on charge data, many of the biases inherent in the charge weights are also present in the cost weights.
Both cost and charge weights provide inaccurate measures of the relative resource intensity of DRGs by the use of a constant per diem for all DRGs. Some DRGs require more nursing care than others (Thompson, 1984; Fitzmaurice, 1983; Lave, 1985) . For these DRGs, a constant per diem understates the true per diem costs. To the extent that the true per diem costs for a given DRG are actually higher than the average in the hospital, the weight for that DRG is biased downward. This holds true whether the weights are calculated based on accounting costs or charges.
A second source of distortion in measuring the actual relative resource intensity of DRGs occurs through the valuation of ancillary services. The existence of differential markups on ancillary services biases both the cost and charge weights. For cost weights, the accounting cost associated with a service is calculated as the product of the charge for that service times a departmental costto-charge ratio. To the extent that markups differ among services within a department, this causes distortions in the measurement of costs. In particular, if higher markups are applied to services that are disproportionately associated with certain DRGs, then the ancillary accounting cost overestimates the true cost and the weights for these DRGs are biased upward. (In general, the overall upward or downward bias of the weight depends on the quantities and relative markups of all ancillary services used in the production of care for that DRG.) An example of this type of pricing behavior is cross-subsidization. If cross-subsidization occurs, so that high markups are systematically applied to low-cost, routine services, and low markups are applied to high-cost, less routine services, then high-weight DRGs are biased downward and low-weight DRGs are biased upward. This phenomenon is known as compression. Compression is undesirable because it gives hospitals the incentive not to treat patients in high-cost DRGs.
For charge weights, the true cost associated with a given ancillary service is approximated by the charge for that service. Therefore, to the extent that differential markups exist across services, charges are inaccurate measures of true costs. If services disproportionately associated with certain DRGs have higher markups, then the ancillary charges overestimate the true costs and the weights associated with these DRGs are biased upward. These measurement problems occur if markups differ within services in a given department or across departments. Newhouse, Cretin, and Witsberger (1989) show that cost-to-charge ratios vary considerably across departments. Thus, there is some evidence that differential markups exist at the departmental level.
By extension, to the extent that markups differ across hospitals and that certain DRGs are treated disproportionately in certain hospitals, the weights may be biased. For cost weights, if one were to assume that markups were uniform within departments, then the use of departmental cost-to-charge ratios would appropriately deflate ancillary charges, and differences in markup rates across hospitals would not bias the weights. If markups are not uniform within departments, however, the cost weights are biased. For charge weights, the existence of differential markups across services within a hospital also causes bias. However, even if markups were uniform across services within departments and across departments, the existence of different markup rates across hospitals could bias the charge weights. Bias occurs if certain hospitals provide disproportionately large amounts of care for certain DRGs. Suppose that specialization occurs, and that hospitals specializing in a given DRG have disproportionately high markups, then the charge weights for those DRGs will be biased upward. As shown in Cotterill, Bobula, and Connerton (1986) , however, the existence of differential markups across hospitals is not a sufficient condition for the charge weights to be biased.
In practice, hospitals pursue different pricing strategies for a number of reasons. Prices are affected by the level of competition in local markets. Hospitals in markets characterized by low levels of price competition generally have higher prices than those in more competitive markets. The level of competition is affected on the supply side by the number of competing hospitals in the market and on the demand side by the extent of health maintenance organization (HMO) and alternative provider penetration. Hospital markets are quite heterogeneous with respect to both of these characteristics. Hospital markup rates also differ across hospitals to the extent that hospitals cost-shift. Hospitals treat patients who have a variety of third-party coverage. Only patients with commercial insurance actually pay the charges set by the hospital. Patients with HMO or Blue Cross coverage typically pay discounted charges. Medicare patients do not pay based on charges at all. To the extent that hospitals cost-shift onto charge-paying patients from other, less profitable types of patients, markup rates differ across hospitals. If hospitals cost-shift differentially across services, markup rates differ as well, inducing the types of bias already described.
Another source of bias in the weights is the use of arbitrary allocations of costs from non-revenue-generating centers to revenue-generating centers. Because bills cannot be presented from departments that do not generate revenue, these costs must be allocated to departments that do generate revenue. The combined costs are then reflected in the departmental cost-to-charge ratio, just described. Costs from non-revenue-generating centers are allocated to other departments through a stepdown procedure. Allocations in this procedure are made according to such imperfect approximations as the floor space occupied by the department. Such allocations lead to biased measures of the true costs of providing care to the patient, thus biasing the cost weights. Charge weights may be biased as a result of this as well, depending on the pricing policies of hospitals. If hospitals use accounting costs as the base on which to apply their markups, then even if markups are uniform, the weights are biased. If, however, the hospitals can observe their Health Care Financing Review/Winter 1990/volume 12. Number 2 true costs and set their prices equal to the true cost times a constant markup, then the charge weights are not biased.
A further potential problem affecting both sets of weights is the coding accuracy of the charges on the patient bill. These charges are used in the calculation of both sets of weights. Under PPS, hospitals are paid a fixed rate per patient based on the patient's DRG. The hospital therefore has less incentive to accurately code the charges for services provided to its Medicare patients than to other types of patients. Only if the patient were to become a cost outlier would the charges on the patient bill affect the payment to the hospital for that patient. Cost outliers are a very small fraction of total Medicare patients (1 percent). Therefore, use of charge data is possibly subject to reporting error.
Aside from the theoretical issues involved in using accounting costs as a proxy for true costs, a problem with the actual implementation of the cost-based approach is that, at any given time, although cost reports are available with a lengthy time delay, patient bills are considerably more up to date. Thus, in an attempt to make more timely estimates of costs, it has been proposed that the latest cost report data be used in conjunction with the most recent patient bills. This results in the use of mismatched years of data in creating the DRG weights. Provider-level data (per diems and cost-tocharge ratios) are less recent than the patient bill data. To remedy this problem, per diem costs from the cost report are inflated by a constant percentage. Cost-to-charge ratios, however, cannot be adjusted. This will create further distortions in the measurement of costs because it assumes that per diem costs rise uniformly across hospitals and that cost-to-charge ratios remain constant over time. Our analysis uses cost report data from the same year as the patient bills; therefore, our comparisons of cost-and charge-based weights should not be used to draw inferences about the relative magnitudes of the weights should mismatched years of data be used.
Finally, because capital and direct medical education costs are pass-throughs under PPS, these costs should theoretically be factored out of total costs to create the weights. For cost weights, these costs are factored out in an arbitrary manner. For charge weights, they are not factored out at all. Both types of weights are therefore likely to be biased relative to the true set of weights.
In summary, both charge and cost weights are biased measures of the true relative resource intensity of the DRG weights. Many of the same limitations apply to both sets of weights because charge data are used in the calculation of each type of weight. The overall direction of the various sources of bias cannot, however, be determined.
One clear policy implication that ensues from this discussion is that if the Health Care Financing Administration (HCFA) intends to pursue cost-based DRG weight recalibration, then it needs to improve the way in which costs are measured. A more direct consequence is that comparisons between charge and cost weights should be interpreted cautiously, because cost weights themselves do not represent an objective standard. In fact, under certain circumstances, charge weights may be more desirable than cost weights. If cross-subsidization of services occurs, so that low-cost routine services subsidize high-cost, less routine services, then high-weight DRGs are biased downward and lowweight DRGs are biased upward. Charge-based weights will then be compressed relative to the true set of weights. Furthermore, it has been shown empirically by several authors (Lave, 1985; Cotterill, Bobula, and Connerton, 1986; Thorpe, Cretin, and Keeler, 1988) , as well as by our results, that cost weights are compressed relative to charge weights. Thus, in the presence of such cross-subsidization, weights based on accounting costs will be more compressed than charge weights, relative to the true set of weights. In such an instance, charge weights would be preferable to cost weights. The extent of cross-subsidization, however, is an empirical issue that remains to be determined.
The hospital relative value method for calculating weights also uses data on charge per case and accounting cost per case. The measurement issues previously described therefore also apply to those weights. The problems induced by differential markup rates across hospitals, however, are reduced, because the charge for each case in a hospital is divided by the average charge for a case in that hospital. The use of hospital-level relative values replaces the standardizations for local wage differences, teaching activity, and disproportionateshare status. Interhospital differences in case mix are compensated for by multiplying these relative values by the provider's case-mix index.
Methodology and data
Our analysis of alternative methods for creating weights was performed using fiscal year 1984 cost reports and patient bills. DRGs were defined by version 3.0 of the grouper (the grouper in effect in Federal fiscal year 1984), which contains 470 DRGs.
1 The patient bills represent approximately 20 percent of the discharges from PPS hospitals during fiscal year 1984, the first year of PPS. Only bills received as of June 30, 1986 are included, representing approximately 98 percent of all bills for fiscal year 1984. Data on routine and special care per diems and departmental cost-to-charge ratios were obtained from 1984 cost reports. Whereas the analysis performed by Cotterill computed costs using 1981 cost report data for seven ancillary departments, the 1984 cost report data provide detail for an additional five ancillary departments or cost categories: • Operating room.
• Drugs.
• Laboratory.
• Radiology.
• Medical supplies.
• Anethesiology.
• Other ancillaries.
• Blood.
• Oxygen.
• Physical therapy.
• Occupational therapy.
• Speech therapy.
Cost-to-charge ratios for each ancillary department for each provider were computed as ratios of departmental operating costs to total charges reported on the cost report. Routine and special care per diems were computed by dividing the total routine and special care costs by the total number of Medicare patient days in each type of accommodation. Then, to compute costs for each case, total charges in each department were multiplied by the appropriate cost-to-charge ratios, and numbers of days in routine and special care were multiplied by appropriate per diems. (For a detailed description of the calculation of cost-to-charge ratios see Newhouse, Cretin, and Witsberger, 1989) .
The original 20-percent sample of fiscal year 1984 Medicare inpatient, acute care hospital discharges included about 2.35 million records. Approximately 147,000 discharges from specialty hospitals, hospital units, and other facilities exempted from PPS were excluded. Another 250,000 stays in hospitals located in the 4 waiver States were excluded. Also, about 6,000 bills from "all-inclusive providers" were removed, because their costs were reported differently; another 27,000 cases were excluded because they contained unreliable data (e.g., negative or zero total charges); and about 46,000 bills that could not be classified as PPS or non-PPS were excluded. Lastly, some 800 bills in DRG 469 (ungroupable) were excluded.
After the above exclusions there were about 1.8 million records, from approximately 5,500 providers. The final filter was to remove hospital stays that did not occur during the time the provider was under PPS (i.e., those that occurred prior to the beginning of the provider's first fiscal year starting on or after October 1, 1983). The resultant sample had 987,709 cases. This post-PPS selection rule reduced the sample size by almost 50 percent; and the combination of missing cost report data and fiscal year end date data together account for the loss of about 500 providers.
This may appear to be a potential source of bias. However, pre-PPS discharges have been systematically excluded precisely because they represent a more serious source of bias, especially at the case and DRG levels. The only problem here is at the provider level, because it is the providers' fiscal year end dates that determine when they started PPS. The main impact is that some providers are underrepresented, because as many as 75 percent of their discharges may have been deleted. However, to the extent that the 25-percent sample we do see is representative of the providers' complete case mix, the effect is minimal.
The next two steps involve standardization of charges and costs. The purpose of standardization is to make all charges (and costs) comparable regardless of the location, wage levels, and teaching status of the provider. Total charges and operating costs for each case were standardized as follows: = intern-and resident-to-bed ratio for the provider. DSH = disproportionate-share hospital payment add on. It is worthwhile to note that a major difference between the original and the current methodologies is that originally, the teaching adjustment was applied only to costs, but it is now applied to both charges and costs. Furthermore, the teaching adjustment has changed from being linear to nonlinear. The next step in the creation of the DRG weights was to delete extreme cases or outliers, which were defined as cases with standardized charges or costs more than three standard deviations away from the geometric mean for each DRG. We excluded 26,925 extreme cases. We also deleted an additional 8,141 cases for which cost data were missing.
The final step was to flag low-volume DRGs. These were defined as DRGs in which the number of cases was less than a DRG-specific constant based on the (arithmetic) mean and standard deviation and was chosen so as to guarantee precision of plus or minus 10 percent for a 90-percent confidence interval around the mean standardized charge (or cost). (This is the same rule for determining low-volume DRGs used by Pettengill and Vertrees [1982] .) There were 6,024 cases in 80 such lowvolume DRGs that have been excluded from subsequent analyses.
Original method
After these exclusions, the final sample contained 946,619 observations, representing 5,023 providers. Relative weights were computed for the remaining 351 DRGs by applying the algorithm described in Cotterill, Bobula, and Connerton (1986) to standardized charges and costs. Briefly, this entailed the following computations and data manipulations:
Step 1-Compute the mean standardized charge and cost for each DRG (these are also used to flag lowvolume DRGs).
Step 2-Compute the number of cases in each DRG for each provider.
Step 3-Merge the DRG means onto the provider-DRG file from step 2.
Step 4-Compute mean standardized charge and cost per case for each provider weighted by the number of cases in each DRG for that provider using the file from step 3.
Step 5-Compute national mean standardized charge and cost per case using the file from step 4, where each provider gets equal weight.
Step 6-Merge national means onto DRG file from step 1, then for each DRG divide mean standardized charge and cost by national mean charge and cost to get relative charge-and cost-based weights.
Note that the national mean standardized charge and cost per case are simply the mean across all providers, where each provider gets equal weight rather than weight being dependent upon the number of discharges. We used a hospital-weighted mean rather than a case-weighted mean in the denominator to maintain compatibility with the work by Cotterill comparing cost-and charge-based weights in 1981. The main effect of using a hospitalweighted mean was to give hospitals equal weight in the recalibration process. A secondary effect is that the caseweighted mean DRG weight is not 1.0. To make comparisons across weighting methods, we center the original weights at 1.0 by dividing each weight by the case-weighted mean DRG weight.
Current method
We have also computed charge-and cost-based weights with a case-weighted mean in the denominator, because that is how the current weights are computed. Furthermore, the current standardization of costs includes a nonlinear adjustment for indirect medical education and an adjustment for disproportionate-share hospitals in addition to the wage adjustment. Finally, under the current definition, the minimum volume per DRG is fixed at 10 cases, as opposed to the original DRG-specific threshold, which was a function of the mean and standard deviation in each DRG. To maintain compatibility across different sets of weights, we have used the original method of determining whether there was a sufficient number of cases to compute a weight.
Hospital relative value method
An alternative method for recalibrating DRG relative weights is described in Lave et al. (1987) . This method circumvents the standardization process by using relative values at the provider-DRG level. We have used this method with both charges and costs.
We executed the hospital relative value method on the same data base that we used to compute original chargeand cost-based weights. Following is a detailed description of this method:
Step 1-For each provider, compute a mean, unadjusted charge (or cost) per case. Then, for each case, divide the total unadjusted charges by the mean charges per case for that provider. The resulting numbers are called relative values.
Step 2-Multiply each relative value by the provider's case-mix index. On the first iteration, we used a case-mix index based on the fiscal year 1984 DRG weights; subsequent iterations used case-mix indexes derived from the current set of weights (see step 5).
Step 3-For each DRG, compute the mean case-mix adjusted relative value. Then compute a national mean relative value across all DRGs, with weights proportional to the number of discharges in each DRG.
Step 4-Divide each DRG-level mean relative value by the national mean relative value; the results are approximate DRG weights.
Step 5-Now compute new case-mix indexes for each provider using the weights calculated in the previous step. Use these to readjust the unadjusted relative values calculated in step 1.
Step 6-Steps 3-5 are repeated until there is a reasonable degree of convergence between the weights produced at adjacent steps, for instance when the maximum difference is less than 1 percent.
To assess the sensitivity of this iterative method to its starting values, an alternative set of weights was calculated with the difference being that initial case-mix indexes were set to a constant that was the case-weighted mean of the empirical case-mix indexes using fiscal year 1984 weights for this sample of providers and cases. The resultant weights were identical.
Summary of weight recalibration methods

Original cost method
• Total charges in each ancillary department multiplied by cost-to-charge ratios, and routine and special care days multiplied by per diems from 1984 cost reports.
• Adjusted labor share (.7915) using 1984 wage index.
• No COLA adjustment of nonlabor share (.2085).
• Linear adjustment for indirect medical education:
(1 + (residents/beds)* .5795).
• No adjustment for disproportionate-share status.
Original charge method
• Total ancillary, routine, and special care charges.
• No adjustment for indirect medical education.
Current cost method
• Total charges in each ancillary department multiplied by cost-to-charge ratios and routine and special care days multiplied by per diems from 1984 cost reports.
• Adjusted nonlabor share (.2085) using 1984 COLA index.
• Nonlinear adjustment for indirect medical education:
(2*((l+residents/beds)**.405-1)).
• Adjustment for disproportionate-share hospital status.
Current charge method
Hospital cost relative value method
• No COLA, wage, teaching, or disproportionate-share adjustment.
Hospital charge relative value method
Alternative methodologies: Empirical results
We now proceed to conduct comparisons between each set of DRG weights that we have computed. Comparisons occur in two dimensions. First, cost and charge weights are compared within method. Second, three alternative methods for calculating weights are compared: original method (provider-weighted denominator); current method (case-weighted denominator); and hospital relative value method.
The original and current methods involve different standardizations to adjust for local wage levels and COLAs, and for teaching and disproportionate-share status. Also, the original method uses a providerweighted denominator, hence, the case-weighted mean cost (and charge) weight is not 1.0. We have normalized the weights so that they are centered at 1.0 by dividing each weight by the case-weighted mean DRG weight in the sample. The current weights have a mean of 1.0 by definition, as do the weights calculated by the relative value method. The current method also uses a different criterion for determining if there are sufficient data in each DRG to enable computation of a weight; however, we have used the original rule for identifying low-volume DRGs in order to maintain comparability across methods.
Cost-versus charge-based weights
Both the Pearson and Spearman Rank Order correlation coefficients between all 3 pairs of cost-and charge-based weights are high, 0.99. In Table 1 , the matrix of correlations between each pair of weights is provided. Though the cost and charge weights are highly correlated, it is the small deviations between pairs of weights that are most indicative of the actual correspondence between the two types of weights.
In Table 2 , the charge-and cost-based weights under each method are compared. Original charge-and costbased weights differ by no more than 5 percent for 71.5 percent of the 351 DRGs examined here, which corresponds to 63.9 percent of cases. Cotterill found agreement between cost-and charge-based weights in 1981 within 5 percent for 82.7 percent of 358 DRGs, or 89.5 percent of cases. 2 They argued that this indicated a high degree of correspondence between cost-and charge-based weights and hence, justified the use of charge-based weights in lieu of cost-based weights for purposes of recalibration. However, the results of applying the same (original) method to more recent 1984 data indicate that charges and costs have become less congruent with the advent of PPS. It is possible that some differences between the results for 1981 and those for 1984 may be the result of increased coding accuracy since 1981; an Institute of Medicine study showed that 20 percent of cases may have had incorrect principal diagnosis codes (Institute of Medicine, 1977) . The differences may also be the result of behavioral responses to PPS.
Cost and charge weights are more congruent when they are calculated using the current method for recalibration. The correlations between original cost and charge weights and those calculated under the current method are 0.99696 versus 0.99761.
3 As indicated in Table 2 , 76.9 percent of DRGs and 71.9 percent of cases have cost-and charge-based weights that differ by no more than 5 percent when the current method is used. The two types of weights still differ considerably more than was indicated in the Cotterill results. Current standardizations, however, induce less variation between cost-and chargebased weights than did original standardizations. Current standardizations involve adjustments to both charges and costs, whereas the original standardizations did not include a teaching adjustment to charges. Thus, part of the increased congruence between cost and charge weights using the current method may be the result of changes in the types of standardizations that are applied.
Cost and charge weights are most congruent under the hospital relative value method. When weights are calculated using this method, cost and charge weights differ by less than 5 percent for 82.3 percent of DRGs and 76 percent of cases. This compares with 76.9 percent and 71.9 percent, respectively, under the current method for calculating weights.
Compression
Many authors (Lave, 1985; Cotterill, Bobula, and Connerton, 1986; Thorpe, Cretin, and Keeler, 1988) have found that cost-based weights are compressed relative to charge-based weights. (Compression is measured by the variance of the weights.) Our results also indicate that, using 1984 data, cost weights are compressed relative to charge weights. Furthermore, this result holds across all methodologies. Our results indicate further that compression occurs at the extremes. A comparison of the standard deviations in Table 3 shows that, across the board, cost-based weights have smaller standard deviations than do charge-based weights. This supports the argument that cost-based weights are compressed relative to charge-based weights. Furthermore, across methodologies, weights calculated by the relative value method are the most compressed, followed by the current weights and the original weights (DRG-weighted statistics are presented for comparison with Cotterill). Neither the differences in Table 2 nor the comparison of standard deviations in Table 3 sheds light on the association between negative or positive differences and the magnitude of the weights. This is of interest to the extent that negative or positive differences between weights occur at the extremes. Comparison of variances alone does not detect whether low-cost DRGs are overpriced while high-cost DRGs are underpriced, because the difference in variance may be localized in the midrange of the distribution. Examination of plots of differences against weights (for each method) reveals a concentration of positive differences (i.e., charge greater than cost weight) for large weights, while negative differences are most frequent among the low weights. Thus, our results show that compression of weights occurs at the extremes.
As an illustration, consider Figure 1 . The x axis represents the original cost-based weight, and the y axis represents the percent difference between the original charge-based weight and cost-based weight. The x axis can be divided up or partitioned according to the distribution of cases; thus, it is the case empirically that 25 percent of the cases have original cost weights that are greater than or equal to 1.08, and another 50 percent of cases have weights in the interval (0.60, 1.08), and the remaining 25 percent of cases have weights less than 0.60. It is natural to ask what is the average percent difference (between original charge and cost weights) within each of these partitions which, however arbitrarily, nonetheless systematically define "high" and "low" weights. In this case, we see that the average difference among the high weights is 1.52, and the average difference among the low weights is 2.27.
In Table 4 , one can see quantified the information in Figure 1 (and similar plots for the other methods) by classifying differences between cost and charge weights in terms of the distribution of weights by magnitude and volume. Each entry in this table is a case-weighted average percent difference between the selected cost-and charge-based DRG weights. The rows of the table correspond to partitions of the DRG weight domain according to the distribution of cases. Thus, the row labeled "Top 25 percent cost" refers to the 25 percent of cases with cost weights greater than 1.08; similarly, "Middle 50 percent cost" refers to the 50 percent of cases with weights in the interval (0.60, 1.08). These cutpoints are specific to the original set of weights; similar cutpoints for the current and hospital relative value methods were used. The striking result displayed here is that most of the differences between high cost and charge weights are positive, and most of the differences between low cost and charge weight are negative. This provides strong evidence that cost weights are compressed relative to charge weights, and that this compression is located at the extremes. Table 4 also includes information about differences between charge-and cost-based weights in terms of volume; these numbers indicate that charge weights for high-or low-volume DRGs are not systematically different from cost weights.
Within-diagnosis-related group variation
Aside from across-DRG variation in weights, the variation of costs and charges within DRGs is of interest as well. In general, costs are less variable than charges within a given DRG. In Table 5 , the issue of within-DRG variation in charges and costs is addressed. Because costs are derived from total charges by multiplying by a costto-charge ratio (which is usually less than 1.0), it follows that costs should be less variable than charges in general. It can be seen in the table that coefficients of variation for standardized costs are consistently lower than for charges among the top 25 DRGs. Standardization of costs and charges for indirect medical education costs and disproportionate-share hospitals also reduces variation.
The mean total and standardized charges and costs within each of the top 25 DRGs are also displayed in Table 5 Means, standard deviations, and coefficients of variation for charges and costs before and after standardization within the 25 most frequent diagnosis-related groups 
Medical versus surgical weights
Another measure of the relative effect of different methodologies for calculating the DRG weights focuses upon the classification of DRGs into medical and surgical groups. There are 190 medical and 161 surgical DRGs in the set of 351 DRGs for which we have computed weights. In Table 6 , the differences between cost-and charge-based weights for medical and surgical DRGs, respectively, are presented. From this table it is clear that cost-and charge-based weights for medical DRGs are less congruent than those for surgical DRGs. Under the current methodology, for medical DRGs, 70.5 percent of DRGs and 70.2 percent of cases have cost and charge weights that differ by no more than 5 percent. This compares with 84.5 and 76.1 percent of DRGs and cases, respectively, for surgical DRGs. Medical and surgical DRGs also differ in terms of the direction of the differences between cost-and charge-based weights. Cost weights exceed charge weights for the majority of medical DRGs and cases, whereas charge weights exceed cost weights for the majority of surgical cases. Under the current method, among medical DRGs, 72.1 percent of cases have charge weights that are less than cost weights, and among surgical DRGs, 30.2 percent of cases have charge weights that are less than cost-based weights; these correspond to 70.5 and 31.1 percent of DRGs, respectively. A shift from charge weights to cost weights would result in increased payments to medical DRGs and decreased payments to surgical DRGs.
As indicated in Table 7 , the use of charge weights over cost weights on average also results in higher weights for surgical DRGs relative to medical DRGs. In Table 7 , it can be seen that, under the current method, the average medical DRG weight is slightly higher when using costs instead of charges (0.81 versus 0.79); conversely, the average surgical DRG weight is slightly lower when costs are used (1.47 versus 1.52). Thus, the use of chargebased weights on average entails higher payments to surgical DRGs and lower payments to medical DRGs, relative to cost-based weights. Table 6 Number and percent of diagnosis-related groups (DRGs) and cases with absolute differences between cost-and charge-based weights of less than or equal to 5 and 10 percent for medical and surgical DRGs, by method of recalibration 
Weight recalibration method
Medical DRGs
Case-mix indexes
To assess the relative effect of different DRG weights at the provider level, we have computed several case-mix indexes for each of the providers in our sample. A casemix index is simply the case-weighted average DRG weight for Medicare discharges from each hospital; thus, it provides an index of the relative complexity of each hospital's Medicare case load.
Using Table 8 , one can compare the case-mix indexes based on costs and those based on charges for each of the three methods of calculating weights: original, current, and hospital relative value. Under the current method, 87.3 percent of providers have charge-based and costbased case-mix indexes that differ by less than 2 percent; 98.2 percent of providers have case-mix indexes that differ by less than 4 percent. Thus, under the current methodology, a shift from charge-based weights to costbased weights would change the case-mix index of only 12.7 percent of hospitals by more than 2 percent and 1.8 percent of hospitals by more than 4 percent.
The magnitude as well as the direction of this shift depends on the type of provider. In Table 9 , the average case-mix indexes based on costs and charges for different groups of hospitals are presented. It is clear that, for all methods, cost-based weights result in a lower case-mix index for large urban hospitals and teaching hospitals and a higher case-mix index for rural hospitals, relative to the use of charge-based weights.
Comparison to current weights
The current state of the system provides a benchmark against which proposed alternatives should be compared. Comparisons of cost and charge weights under the current method have been previously described. Therefore, this section focuses on the relation of current charge weights to other methodologies for creating the weights. In Table 10 , the results of comparing weights and case-mix indexes under the various methods are displayed. A comparison of the charge weights calculated by the hospital relative value method to the current weights indicates that they are quite similar: For 89.7 percent of DRGs and 95.2 percent of cases, the two types of weights differ by no more than 5 percent; these numbers rise to 98.5 and 99.5 percent, respectively, for differences of 10 percent or less. In this respect, the charge weights based on the hospital relative value method differ less from the current set of charge weights than do cost weights based on the current methodology. As indicated in Table 2 , current charge and cost weights differ by less than 5 percent for only 76.9 percent of Table 10 Number and absolute percent difference between weights based on alternative methodologies and the current charge-based weights DRGs and 71.9 percent of cases; these numbers rise to 96.3 percent and 96.6 percent, respectively for differences of less than 10 percent. The hospital relative value method based on costs, however, does not perform well in comparison to the current set of charge weights. Only 62.3 percent of DRGs and 52.6 percent of cases have weights that differ by less than 5 percent. The hospital relative value method does not compare favorably with the current method with respect to the case-mix indexes of providers. A comparison of case-mix indexes across methods indicates that a shift from the current charge weights to the charge weights based on relative values would result in a change in case-mix exceeding 2 percent for approximately one-half of all providers and 30 percent of cases. By contrast, as indicated in Table 8 , a shift from charge-based weights to cost-based weights under the current methodology would change the case-mix index by more than 2 percent for only 12.7 percent of providers and 3.6 percent of cases.
Conclusion
The results of this research indicate that cost-and charge-based weights are much less congruent in 1984 than they were in 1981. Therefore, the question of the methodology to be used for future recalibrations gains renewed importance. A comparison of the hospital relative value method using charge data with the current method indicates that the weights are quite similar. Use of the hospital relative value weights, however, would change the case-mix index by more than 2 percent for approximately one-half of all hospitals.
In comparing cost-with charge-based weights, our research also indicates that, on theoretical grounds, there is no reason to favor one set of weights over the other under the current methodology, because both are biased measures of the true weights. Therefore, other criteria must be used to determine the desirability of the costbased and charge-based methods such as timeliness of the data and distributional implications across providers and patients.
Charge weights have the advantage that they are based on more timely data. Attempts to base the cost methodology on more recent data will result in the use of mismatched years of data. This will induce further bias in the weights beyond that created by the use of accounting costs. At the DRG level, the use of cost data would decrease the payments for high-weight DRGs and increase the payments for low-weight DRGs. This is a result of the compression of cost weights relative to charge weights. Finally, cost weights result in higher payments for medical DRGs and lower payments for surgical DRGs.
At the provider level, a shift to cost weights would result in a redistribution of revenues from large urban hospitals to small rural hospitals, as well as from teaching hospitals to nonteaching hospitals. The decision as to which set of weights should be used for future recalibrations will require normative judgments as to which of these factors are of the most importance.
